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sory, and premotor areas (17, 20, 21) , and neurons in this region integrate visual, tactile, and proprioceptive information from the hand (15, 16, (21) (22) (23) (24) (25) (26) . People with parietal lesions sometimes show an inability to identify their own limbs as part of the body (1) . This could reflect impaired multisensory integration of bodyrelated information. However, it is still somewhat unclear whether the activity in the intraparietal cortex reflects the feeling of ownership per se, because we only detected a trend for illusion-related activity in this region (interaction effect, -45, -54, 57; P Ͻ 0.009).
The elicitation of the rubber hand illusion depends on the integration of visual and tactile information and the resolution of differences between the visual and position sense representations. The period before the illusion develops is critical in this respect, and it probably involves a recalibration of position sense for the hand (5 ) . Before the illusion started, we found increased levels of activity in the bilateral intraparietal cortex, bilateral dorsal premotor cortex, and supplementary motor area, as well as the left cerebellum, left putamen, and left ventral thalamus (Fig. 4) (table S3). Several of these areas are known to be involved in the processing of proprioceptive signals as revealed by tendon vibration experiments (27 ) . Likewise, some of the areas are involved in arm reaching in humans and nonhuman primates (20, (28) (29) (30) . Thus, the recalibration of limb position in a reaching circuit might be a key mechanism for the elicitation of the illusion, and indeed experiencing the illusion has behavioral consequences for arm movements. After having experienced the rubber hand illusion of their left hand, subjects make a reaching error (toward the location of the rubber hand) when asked to point toward their hidden left hand (5, 31) .
In summary, the rubber hand illusion depends on three neural mechanisms: multisensory integration in parietocerebellar regions, recalibration of proprioceptive representations of the upper limb in a reaching circuit, and self-attribution in the premotor cortex (8) . Our results associate activity in the premotor cortex with the feeling of ownership of a seen limb, and we suggest that multisensory integration in a body-centered reference frame is the underlying mechanism of self-attribution. Young brood parasites that tolerate the company of host offspring challenge the existing evolutionary view of family life. In theory, all parasitic nestlings should be ruthlessly self-interested and should kill host offspring soon after hatching. Yet many species allow host young to live, even though they are rivals for host resources. Here we show that the tolerance of host nestlings by the parasitic brown-headed cowbird Molothrus ater is adaptive. Host young procure the cowbird a higher provisioning rate, so it grows more rapidly. The cowbird's unexpected altruism toward host offspring simply promotes its selfish interests in exploiting host parents.
Parents provisioning young commonly balance the effort they spend on rearing their current brood with the effort they might devote to future offspring (1, 2) . Members of the current brood then become rivals for limited parental resources [intrabrood conflict (3, 4 )] and must also compete with future offspring to increase the total effort that parents will devote to the current breeding attempt [interbrood conflict (5)].
In theory, the intensity of both forms of conflict should increase as offspring relatedness declines, all else being equal (3, (6) (7) (8) (9) . We used an avian brood parasite to test the importance of relatedness in determining interactions between broodmates. Obligate avian brood parasites lay their eggs in nests belonging to other species, leaving each of their nestlings to grow up in a family to which it is entirely unrelated (10) . The host's nestlings offer formidable competition for resources (11, 12) . Nonetheless, in contrast to many cuckoo and honeyguide species, the Clamator cuckoos, Vidua finches, and parasitic cowbirds tolerate the company of host young in the nest. Nestmate tolerance is unlikely to be explained by kin selection because, although multiple parasitism of individual host nests is common (10), parasite siblings are not typically raised in the same nest (10) . Host tolerance by brown-headed cowbird nestlings is especially intriguing because they have been filmed evicting young from the nest (13), yet they apparently refrain from this behavior on most other occasions.
One possibility is that host young bring parasites direct benefits because collectively they evoke a higher level of provisioning than the parasite could ever achieve alone (14) (15) (16) . We tested this hypothesis with the brown-headed cowbird (44 g), a North American brood parasite that successfully victimizes more than 100 host species (10) . Cowbirds reduce host reproductive success by removing eggs, lowering hatching success, and starving young (17, 18) . To some degree, therefore, cowbirds (both mothers and young) can manipulate the competitive environment in which young parasites are raised. The extent of offspring mortality varies widely from host to host, but one or more host nestlings commonly survive to fledge with the cowbird (19) .
We began by using data from the literature for cowbirds reared by 18 host species (20) to test whether cowbirds could ever profit from the survival of host young (21) . We examined the association between the number of host young in the nest and cowbird growth rate, because growth rate is a correlate of post-fledging fitness in other songbirds (22) . We found that the relationship could be explained by a quadratic regression curve [F 2, 17 ϭ 6.32, P ϭ 0.010, R 2 ϭ 0.46: host young partial t 17 ϭ 3.54, P ϭ 0.003; (host young) 2 partial t 17 ϭ -3.44, P ϭ 0.004], which peaked at a growth rate corresponding with 1.8 host young (Fig. 1) (21) . One interpretation of this result is that the brownheaded cowbird benefits from sharing the nest with host young, and that its optimal number of host companions is approximately two [see also (16) ].
We tested this interpretation with experiments that focused on the cowbird's interactions with one host, the Eastern phoebe Sayornis phoebe (20 g), a migrant flycatcher that typically rears broods of five phoebe young. At our study site in Tompkins County, New York, USA (19, 23) , one to three host offspring survived to fledge at 62% of naturally parasitized nests (N ϭ 29 broods with one cowbird chick, 1999 -2001). In April and May 2003, we monitored 81 phoebe nests during egglaying and arranged for 20 nests to be parasitized with a single cowbird egg. At 10 of these nests, we removed host eggs on the day the cowbird nestling hatched so that it would be reared alone. At the remaining 10 nests, we removed host eggs and introduced two phoebe nestlings per nest, which had hatched either on same day as the cowbird chick (N ϭ 8) or a day later (N ϭ 2). Molecular sexing later revealed that we had assigned equal numbers of male and female cowbird nestlings to the two treatments by chance. On hatch day, and every day thereafter for 9 days, we weighed chicks and measured their tibia length, and calculated the instantaneous growth constant K to summarize rates of mass gain and skeletal growth (21) .
We found that cowbird nestlings that were accompanied by host young in the nest gained mass at a greater rate (Mann-Whitney U test: Z ϭ -2.003, P ϭ 0.045) and showed faster skeletal growth (unpaired t 18 ϭ -2.59, P ϭ 0.019; Fig. 2 ) than those reared alone. By day 8, cowbirds reared with host young were, on average, 14% heavier than cowbirds reared alone (unpaired t 16 ϭ -2.23, P ϭ 0.041; Fig. 2A) .
To determine how the presence of host young benefited cowbird nestlings, we filmed each nest twice, 4 and 8 days after hatching, and scored the hourly provisioning rate to chicks in the nest. Pooling data from both days, we found that parents brought food to nests containing a cowbird and two phoebe nestlings more frequently (mean Ϯ SEM ϭ 36.4 Ϯ 3.85 feeds/hour) than to nests containing a lone cowbird (14.2 Ϯ 1.62 feeds/ hour). Cowbirds took an average of 55.7 Ϯ 2.9% of feeds in mixed broods, which is a significantly greater share than the 33% expected by chance ( Wilcoxon signed rank test, Z ϭ 3.73, P Ͻ 0.001). As a result, cowbirds reared with host young obtained more food in total than cowbirds reared without competitors [analysis of variance (ANOVA): brood manipulation effect, F 1, 30 ϭ 5.14, P ϭ 0.031; Fig. 3 ]. Older broods were provisioned more frequently (ANOVA: chick age effect, F 1, 30 ϭ 3.23, P ϭ 0.029), but the cowbird's share of the food did not change with age (ANOVA: brood manipulation ϫ chick age interaction, F 1, 30 ϭ 0.17, P ϭ 0.68).
Accompanied cowbirds may have experienced a higher provisioning rate because the collective begging behavior of the brood presented a greater stimulus to parents, or because parents were more responsive to the begging behavior of their own young (24 ) . Alternatively, it may have been that the longer periods of brooding experienced by lone cowbirds slowed the rate at which these parasites were fed (ANOVA, brood manipulation effect: F 1, 30 ϭ 4.92, P ϭ 0.034) (21) . However, the latter explanation seems unlikely because the brooding effort devoted to lone cowbirds was not significantly related to the rate at which they were fed (simple linear regression, time spent brooding versus provisioning rate: F 1, 16 ϭ 0.07, P ϭ 0.94), probably because male phoebes continued to feed the cowbird as it was brooded by the female (23) .
Our results show that cowbirds exploit host parents to a greater extent by using host young to procure food. Cowbirds capitalize on the increased provisioning that Each data point shows the cowbird's growth rate (K) in one of the 18 host species. Cowbird growth rates were taken from (20) . A secondorder polynomial regression line is shown. Sources for the number of host young surviving in parasitized nests are given in table S1. results from additional young in the nest by consistently outcompeting host nestlings to obtain extra parental feedings. Furthermore, there appears to be an optimal number of roughly two host young that are of use to the cowbird (Fig. 1) . Larger numbers of host nestlings may take too much of the additional food collectively solicited by the brood. We note that cowbirds reared in the nests of hosts within the cowbird's historic range are most frequently accompanied by an average of 1.5 to 2 host young (Fig. 4) , but further experiments are required to explain this association fully.
Our study shows that there are costs associated with the loss of assistance in soliciting care, as hypothesized previously (14) (15) (16) . It means that both the benign and virulent behavioral strategies of young brood parasites toward host nestmates can now be viewed as adaptive, each the result of a different balance between the costs of sharing resources with rivals and the benefits of retaining assistance in soliciting care. Our experiments also have implications beyond host-parasite interactions, suggesting that selection acts on avian broods at two levels (25, 26) : through the competitive success of individual offspring, and through the parental provisioning rates evoked by the brood collectively. If offspring must restrain their selfishness in intrabrood conflict to attract a more frequent provisioning rate, then they cannot simultaneously "win" intrabrood conflict and interbrood conflict (27, 28) . The extent of parent-offspring conflict seen in avian families may therefore depend on the interplay between intrabrood conflict and interbrood conflict (29, 30) . (21) . We calculated the difference between the "ideal" number of host young (ϭ 1.8 from Fig. 1 ) and the observed numbers of host young for "old" and "new" hosts. The magnitude of difference was much greater for "new" hosts than for "old" hosts (unpaired t 28 ϭ 2.94, P ϭ 0.007), even after controlling for phylogenetic effects with pairwise comparisons of closely related "new" and "old" host species (paired t 4 ϭ 2.79, P ϭ 0.049).
